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Abstract 
Continuous Professional Development (CPD) can be crucial for reforming science teaching, but more knowledge is needed about 
how to support sustainability of the effects. The Danish QUEST project is a large scale, long-term collaborative CPD project 
designed according to widely agreed criteria for effective CPD. The QUEST-project is divided into two main phases: 
implementation and institutionalization. All activities in the implementation phase were organized in a rhythm of seminars 
followed by local individual and collaborative inquiries. The paper presents findings from this two-year implementation phase. 
The findings are discussed looking forward to the institutionalization phase identifying factors potentially supporting sustainable 
development pertaining to local science teachers developing a shared focus on student learning in science, and perceived 
individual and collective efficacy. The participants rated their overall benefits from phase 1 as rather high. They reported that
they tried out models, tools and activities from the course modules in their own classrooms, and in collaboration with colleagues. 
This is confirmed by observations. In relation to developing a collaborative culture in the local learning communities we have 
seen a positive trend from the first to the last course-module, but with great variation between schools. Factors potentially 
supporting sustainable development seem to be about (1) continuingly scaffolding teachers’ collaborative inquiries by organizing
activities following the QUEST-rhythm, (2) securing the meeting between research-based knowledge and practitioner knowledge 
by transforming innovative ideas from research into concrete tools in collaboration with participating teachers, and (3) supporting 
teachers’ enactive mastery experiences. 
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1. Introduction  
Continuous Professional Development (CPD) can play a crucial role in qualifying science teaching by supporting 
in-service teachers in developing their competence to learn from practice. It appears that some of the most powerful 
teacher learning experiences are based on facilitated inquiries from the teachers’ own classrooms (Borko, 2004). 
Extant research suggests a broad consensus pertaining to the core features of effective CPD, which include content 
focus, active learning, coherence, duration, collaborative activities and collective participation (Desimone, 2009; 
van Driel, Meirink, van Veen, & Zwart, 2012). But most teachers still only meet one-shot workshops detached from 
their daily practice, and even in CPD-programs designed according to the mentioned consensus criteria the 
sustainability of the effects has not yet been investigated to a considerable extent (Antoniou & Kyriakides, 2013; 
Avalos, 2011). According to Darling-Hammond (2005) neither pure top-down nor bottom-up initiatives provide 
sustainable conditions. Reform initiatives need to be coordinated between different levels of the educational system, 
and Darling-Hammond argues the most successful implemented reform initiatives are those that provide top-down 
support for bottom-up development.  
QUEST (“Qualifying in-service Education of Science Teachers”) is a large-scale, long-term CPD-project 
involving 42 schools from 5 municipalities, all in all 450 science teachers, and running from 2012 to 2015. QUEST 
activities are designed referring to the consensus criteria, i.e. organized on principles of teachers’ situated learning in 
Professional Learning Communities (PLCs) (Stoll, Bolam, McMahon, Wallace & Thomas, 2006), and with CPD 
activities embedded in the teachers’ daily work, utilizing their daily experiences (Luft & Hewson, 2014). The 
overall purpose of QUEST is to develop a sustainable model for CPD, supporting professional capital and bottom-
up development (Darling-Hammond, 2005; Heargreaves & Fullan, 2012).  
Fig. 1. The two phases in QUEST, and the research focus: phase 1 in retrospective and forward-looking to phase 2. 
The QUEST-project is divided into two main phases: implementation and institutionalization (Fig.1).  
In phase 1, the implementation phase, the primary and lower secondary teachers participated in one or more of 4 
course-modules. Both the organization of and the content in the course-modules were informed by research. For 
example the teachers in module 1 worked with inquiry based science education (IBSE) (Rocard, 2007), and in 
module 2 with the principles of addressing pre-conceptions and supporting students’ knowledge of what it means to 
do science and their metacognition (Bransford & Donavan, 2005), and knowledge about how teachers can support 
students’ learning progressions in science (Wickman, 2014). The course modules were organized in a rhythm of full 
day seminars, where the participating teachers were introduced to and tried out the research-informed methods and 
materials, followed by a period of individual enactment in own practice and collaborative inquiries organized by the 
local science team – the PLC (Fig. 2).  
In phase 2, the institutionalization phase, external support is going to be gradually faded hopefully empowering 
local schools and communities to engage in continuous development.  
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The QUEST-rhythm in the implementation phase (Fig. 2) is aimed to support teachers in developing individual 
and collective efficacy for continuingly developing science teaching locally. Bandura (1997) emphasizes personal 
and social change as complementary and both teachers’ personal and collective efficacy as crucial for changes to be 
sustainable.  
Fig. 2. The QUEST-rhythm of course-modules in phase 1. 
2. Research questions 
In the context of the implementation phase in QUEST and looking forward to the institutionalization phase the 
research questions are: 
x What are the participating teachers’ perceived outcomes from QUEST, and how do they reflect on new initiatives 
at their schools?  
x What factors can be seen as supporting sustainable development pertaining to local science teachers developing a 
shared focus on student learning in science, and perceived individual and collective efficacy for continuingly 
developing science teaching locally? 
3. Methodology 
The overall research design is mixed methods (Creswell & Clark, 2007). Both quantitative and qualitative data 
were retrieved during and after each course-module in phase 1. One part of data was a repeated questionnaire with 5 
point Likert-scale questions and open-ended categories focused on teachers’ experiences from the seminars, from 
trials in own classrooms, and from collaborative inquiries. This was supplemented with qualitative data from 
observations at QUEST-seminars and from case studies at the local schools. The qualitative data included case-
protocols for all schools, and in depth studies at nine schools (diversity sampling: school size, town/rural etc.) with 
repeated classroom observations, interviews and observation from PLC-meetings.  
Likert scale questions were analyzed by frequency, and open-ended reflections, and the qualitative observation 
data, were categorized/coded through an iterative data based process (Cohen, Manion, & Morrison, 2007). To 
answer the first research question teachers’ reports about perceived outcomes, and their open-ended reflections, after 
module 1, 2, 3 and 4 were categorized and compared. To inform the discussion of the second research question 
development in science teaching in the classrooms and in collaboration as a PLC at the 42 schools were categorized 
based on self-reports and case protocols. Synthesizing individual and social changes in this coding were 
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substantiated by data revealing a positive correlation between teachers’ ratings of changes in science teaching in 
their individual classrooms and their ratings of changes in the way they collaborated as a PLC (section 4.4 below).  
4. Findings and discussion 
The participants rated their overall benefits from the course modules rather high. In average from all four 
modules 11% reported a very high degree of outcomes, 53% a high degree, 34% a medium degree, 2% a small 
degree, and 0% a very small degree. Likewise they in general referred to gaining new insight into student learning in 
science, and to trying out models, tools and activities from the course modules in their own classrooms. These 
quantitative results have been quite stable over the four modules.  
The answers to whether the teachers experienced changes in the way the PLC cooperated locally have been more 
divided: in average from the four modules 6% reported about a very high degree of changes, 29% a high degree, 
43% some degree, 19% a small degree, and 3% to a very small degree. Here we have seen a positive trend from the 
first to the last course-module (elaborated below), but with great variation between schools. For evidence about 
variation between schools see section 4.4 below.  
In Fig. 3 are results from teachers after module 4 rating to what degree the full phase 1 in QUEST has affected 
how they are teaching science and collaborating with science colleagues.  
Fig. 3. The perceived effect from the full phase 1 - the four course modules - in QUEST. 
The discussion of teachers’ open-ended reflections elaborating on their ratings of perceived outcomes, and on 
how QUEST has affected the way they are teaching science and the way they are collaborating with science 
colleagues, will be organized under three headlines: 1) the QUEST-rhythm, 2) research knowledge meeting 
practitioner knowledge, and 3) enactive mastery experiences. Following this evidence about variation between 
schools and co-variation when comparing the perceived effect from QUEST on the teaching of science in the 
classroom and the collaboration with science colleagues will be presented and discussed.  
4.1. The QUEST-rhythm 
The teachers’ perceived outcomes from networking and sharing ideas with colleagues and from trying out new 
tools and inquiring into student learning are evident when analyzing their reflections. Many refer very positive to the 
QUEST-rhythm as supporting changes on their schools: “Exemplary course design with synergy between theory and 
practice. Good to share and try out new knowledge at own school, and then coming back getting new inputs and 
sharing experiences”. Changing the collaborative culture is not without challenges as it is mirrored with around 10% 
of the teachers experiencing a small or very small effect on collaboration with science colleagues after two years in 
QUEST (Fig. 3). So, some teachers have experienced no significant changes in collaboration. They reported about 
lack of support from the local school leadership and emphasized that it was hard to engage their science colleagues - 
the role as resource teacher among colleagues has been a challenge at least when not experiencing support from the 
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leadership. Some teachers also (positively) explained their experience of only a minor effect on collaboration stating 
that it takes time to change the collaborative culture, but that they are heading in the right direction. And, 
importantly, the QUEST-rhythm was perceived as supporting local changes both on schools reporting a high degree 
of changes in the collaborative culture and at schools with slower or less significant changes. The teachers positively 
reported that the QUEST-rhythm “forced them” to try out new tools and approaches in their own classrooms, and to 
have at least two PLC-meetings each semester.  
In general the same categories could be used to describe the open-ended reflections about collaboration after each 
of the course modules: “QUEST rhythm”, “developing a shared focus on student learning”, “changes take time”, 
“the role as resource teacher”, and “structural hurdles/school leadership”. But with a positive trend from 26% 
experiencing a small or very small degree of changes in collaboration with science colleagues after module 1, to less 
than 20 % in these categories after module 4. So, the teachers experienced the same kinds of hurdles and positive 
outcomes, just with a variation in change-pace at the local schools. The diverse degree of local changes reported by 
the teachers was verified by observations at local schools. 
4.2. Research knowledge meeting practitioner knowledge 
Teachers’ reflections elaborating on elements from QUEST affecting their teaching of science in the local 
classrooms, and the observational data, have from module 1 been included in analyses identifying factors potentially 
supporting/hampering sustainable development (e.g. Nielsen & Sillasen, 2013). For example data from module 1 
revealed how teachers were positive towards trying out inquiry-based methods - IBSE (Rocard, 2007). “To IBSE” 
something grew to be a verb among the teachers for example when discussing how to re-design science teaching to 
be more inquiry-based. Initiating the idea of inquiry-based science teaching was however not without challenges. 
Some of the teachers emphasized students’ hands-on activities more than discussing how students could be 
supported in making links between their observations and scientific ideas. The latter is known to be determent for 
student learning when working with inquiry-based methods (Abrahams & Reiss, 2012). Furthermore some teachers 
copied the IBSE-examples they tried out themselves at QUEST-seminars during module 1 more or less directly to 
their own classroom. How students’ learning best can be supported through IBSE is the theme of many discussions 
in present research, but there is at least evidence of the importance of supporting students in manipulating both 
science equipment and ideas when working inquiry-based (Abrahams & Reiss, 2012; Lunetta, Hofstein, & Clough, 
2007). With reference to this it was seen as a challenge that some of the science teachers appeared to be convinced 
of the value of hands-on activities without focusing on what science students were supposed to learn from the 
activities, thinking - as indicated by this quote – that students can learn the science just by working hands-on: “I do 
what I can to let students learn themselves without too much leading them”. Furthermore collaborative re-design of 
local teaching referring to inquiry-based methods seemed more beneficial in the long run than copying activities 
from the seminars (Nielsen & Sillasen, 2013). These challenges identified during the first course-module gave rise 
to follow-up initiatives in the next course-modules, explicitly discussing how to support the students in making links 
between their observations during hands-on activities and scientific ideas and minds-on activities in science. 
Likewise a model for re-design of local science teaching was presented and tried out as a part of the QUEST-
rhythm.  
An important point from module 1 is however that “IBSE” was a simple term easy to remember. There was a 
shared knowledge base to work on in the next modules. Likewise teachers in QUEST-seminars in module 2 worked 
with a range of methods for examining students’ pre-conceptions and for systematic formative assessment, but a 
quite “simple” tool, designed by one of the QUEST teachers to collect students’ annotated drawings of science 
phenomena pre and post teaching, grew to be widely referred to and used in local inquiries. Another example of a 
“simple”, but effective model mediating discussions in the local science teams, also from module 2, is using a poster 
of a tree to visualize a learning progression in science. Other tools were presented, but the “progression-tree” was 
widely used and referred to when teachers were reflecting about their perceived outcomes from QUEST, and the 
local collaborative activities. From module 4 the teachers emphasize that they were facilitated in trying out a 
structured lesson study where they collaboratively participated in science lessons at local schools and reflected on 
video material.  
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Both the use of IBSE, tools like annotated drawings to elicit students’ alternative conceptions and assess their 
learning, and designing and discussing learning progressions are evidence-based methods informed by research in 
science education (e.g. Bannister, 1998; Corcoran, Mosher & Rogat, 2009; Duschl, Schweingruber, & Shouse, 2007; 
Rocard, 2007; Wickman, 2014). It however seemed quite important that these innovative ideas from research in 
collaboration with participating teachers were transformed into concrete tools. These findings confirm the 
importance of acknowledging practitioner knowledge and teachers’ incremental learning, not just seeing teachers as 
executing the innovative ideas of others (van Driel, Beijaard & Verloop, 2001). 
4.3. Enactive mastery experiences 
In the open reflections we have seen several indications of what can be called enactive mastery experiences 
(Bandura, 1997). One teacher stated that QUEST: ”…encouraged me to throw myself into what is sometimes 
dangerous and unknown”. Another teacher stated: “I feel revitalized in planning my own teaching in Science & 
Technology. The course has initiated many new thoughts and ideas, which I have shared with colleagues at the 
school starting also new ideas among them”, and a third example is a teacher stating that QUEST has supported him 
in seeing his:“.. automatized practice in a theoretical context (..) this has enabled me to be more conscious about my 
own practice”.  
Bandura (1997) emphasizes that enactive mastery experiences are the most influential source of personal 
efficacy, and refers to the power of guided enactive mastery, e.g. by breaking down complex skills into easily 
mastered sub-skills. Above it was discussed how there was a positive trend from module 1 to module 4 in teacher 
reports about changes in collaboration, but that the kind of reflections were the same from module 1 to module 4. 
Opposite to this the Likert-scale reports about perceived outcomes in relation to the teaching of science in own 
classroom were stable from module 1 to module 4, but a clear development were seen in the kind of reflections. 
After module 1 more than 50 % of the teachers were positive about new hands-on activities to copy more or less 
directly to own practice, while the reflections after the last course-modules grew to include both hands-on and 
minds-on activities when referring to IBSE, e.g. how to address pre-conceptions, and redesign teaching based on 
feedback from inquiring into student learning. So, we have seen some development in how the teachers perceive 
their own task of developing science teaching from being positive when others during CPD provide them with good 
activities to copy to own classroom, towards reflecting on how they can (collaboratively) plan for and inquire into 
student learning.  
The teachers who reported about a high degree of changes in collaboration in the local PLC already after module 
1 emphasized that they now discuss student learning and not just practical stuff and organizational matters at the 
meetings in the PLC. Teachers reporting some degree of changes, for example stated that they now have regular 
meetings opposite to before QUEST, but also that they need continuous support, so the changes do not fall back. 
The teachers, reporting about a minor degree of change, emphasized for example lack of support from school 
leaders. Several teachers when reflecting on challenges in relation to local collaboration also referred to resistance 
from some reluctant colleagues when disseminating ideas for example about IBSE, and when planning local 
inquiries in the PLC (Nielsen & Sillasen, 2013). These categories of reflections as mentioned were rather much the 
same after the next course modules, but gradually more teachers reported about positive experiences from meetings 
in the locals PLCs and about collaboratively discussing student learning based on data from local classrooms. Based 
on this the QUEST approach can be seen as an example of guided enactive mastery at the collaborative level – 
guided teacher inquiry.  
4.4. Co-variation: effect on teaching and collaboration 
Analysis of the quantitative data represented in Fig. 3 revealed a moderate positive correlation (R=0.553) 
between the teachers’ ratings of the effect from QUEST of the way they are teaching science, and their ratings of 
effect from QUEST on the way they are collaborating with their science colleagues. Based on this and on 
observations it was substantiated to categorize the level of changes at the 42 participating schools synthesizing the 
individual and social changes reported by the teachers, and evidenced by the case-protocols (table 1). The 
description of categories is made based on the data, but informed by categories used in former research 
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(Heargreaves & Fullan, 2012; Little, 1990). This categorization among other things serves to inform the discussion 
of school organizational conditions potentially supporting or hampering changes, and how best to facilitate 
continuing changes and sustainable development at the diverse range of schools - looking forward to the 
institutionalization phase.   
Table 1. Categories synthesizing the level of changes in the teaching of science and  
in collaborationat the QUEST-schools at the end of the implementation phase 
Category Description 
1. Not much more than status quo A few teachers exchanging ideas, but no joint 
work. Hard to arrange meetings. Self-reports and 
observations reveal limited amount of local trials 
with QUEST tools and approaches.  
2. Positive development started, but not 
yet significant changes  
3. A large degree of changes in the 
PLC and in the way science is being 
taught 
4. A very large degree of changes in 
the PLC and in the way science is 
being taught  
Regular meetings. Exchange of ideas and 
strategies slowly growing. Some tools and 
approaches from QUEST seminars tried in local 
classrooms and some experiences shared and 
discussed in the PLC. 
Exchange of ideas, materials and strategies 
consolidated. Evidence informed discussions of 
student learning based on data from local 
inquiries. PLC members report about outcomes 
from the meetings in relation to own teaching.  
Joint work planning for and inquiring into 
student learning, and collaborative re-design: 
Inquiry and knowledge building cycle. New 
experiments going beyond but inspired by 
QUEST: generative changes. 
The categorization of changes at the QUEST schools in the five municipalities is represented in Fig. 4. A large 
degree or a very large degree of changes are seen on 58% of the QUEST schools (Fig. 4). Level 4 in table 1 is seen 
on 10% of the schools; at these schools are indications of the PLC working generatively in a kind of knowledge 
building cycle (Timperley, 2011). At many of the schools coded at the level 2 (table 1) a positive development is 
started, but the teachers report about a need for continuing support. At the schools coded at level 1 local support of 
the PLC from the school leadership seems crucial.  
Fig. 4. Coding of the level of change at the QUEST-schools after the four course-modules in the implementation phase. 
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5. Conclusions and implications 
Factors supporting sustainable development seem to be about building a scaffold around the teachers’ 
collaborative inquiries, like the QUEST-rhythm, securing the meeting between research-based knowledge and 
practitioner knowledge, and supporting teachers’ enactive mastery experiences. 
 The QUEST-rhythm was perceived by the majority of the teachers as supporting changes both in relation to new 
enactments in their individual classrooms, and in relation to collaboration in the PLC. Furthermore the rhythm was 
positively referred to both by teachers reporting a high degree of changes in collaboration and by teachers at schools 
with slower/less significant changes. In general research-informed “models and tools” seemed to play a significant 
role in mediating and scaffolding individual and collaborative inquiries. This was in particular true for quite simple 
“models” like using a term easy to remember, “IBSE”, when talking about inquiry-based methods, collecting pre 
and post teaching annotated drawings as an assessment method, and using a learning progression visualized as a tree 
to support discussions about student learning in the PLC. These tools and models, and the guided teacher-inquiries, 
apparently facilitated teachers’ practitioner knowledge moving from tacit to shared. 
So, both a firm structure like the QUEST-rhythm framing local inquiries, and a few simple but effective tools and 
models growing to be a collective knowledge base seemed determent for the relative success of phase 1 in QUEST. 
There are however still QUEST-schools with a crucial need for support e.g. from school leadership. 
Looking forward sustainability of changes initiated in phase 1 might depend on sustained activities following a 
kind of rhythm. Institutionalization and the fading of external support in phase 2 in QUEST might therefore not be 
about fading structure, but more about a change in who is responsible for initiating and steering activities following 
the QUEST-rhythm. Based on the findings from phase 1 it seems important to continue the use of a quite structured 
rhythm to support the local capacity building (Darling-Hammond, 2005), i.e. continuingly scaffolding collaborative 
inquiries into student learning in science. 
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